there were no significant differences in the morbidity rate of patients who underwent laparoscopic or robotic approaches (adjusted oR = 0.79 (95% Ci, 0.55-1.14); p = 0.21). however, patients who underwent the robotic approach had significantly higher total hospital charges compared with those who underwent the laparoscopic approach (mean difference, $24,890; p < 0.01).
approaches in surgical treatment of rectal cancer are 2 recent additions to the treatment algorithm; however, advantages and disadvantages of using laparoscopic and robotic approaches in rectal cancer surgery are not yet well defined.
a laparoscopic approach to rectal cancer surgery was introduced to decrease postoperative morbidity of the open approach. smaller incisions and quicker recovery are some advantages of laparoscopic surgery. 1 however, anatomic structures of the bony pelvis and consequent angling limits are some limitations of laparoscopic surgery for rectal cancer. With the development of new technologies, robotic surgery was introduced to overcome some of the challenges of laparoscopic surgery. Robotic surgery provides highquality, 3-dimensional visualization of the pelvic anatomy while providing easier dissection and suturing in the deep pelvis compared with laparoscopic techniques. however, there are limited data regarding the benefits of minimally invasive approaches, especially robotic surgery, and further studies are needed to affirm the role of minimally invasive surgery in the treatment of rectal cancer.
the relative merits of robotic surgery versus laparoscopic surgery are controversial. 4 higher cost and operation length of robotic surgery compared with laparoscopic surgery have been subjects of concern.
5-8 as surgeons become more experienced in robotic techniques, the length of the procedure decreases significantly; however, the high cost of robotic procedures is still an important issue. 5, 6, 8 in the field of rectal cancer surgery there are a number of studies comparing the safety, feasibility, and efficacy of robotic surgery versus laparoscopic surgery, however, the numbers of cases are usually small. using a large national database, we aimed to compare outcomes of open, laparoscopic, and robotic abdominoperineal resections in patients with rectal cancer. We focused exclusively on abdominoperineal resection (aPR) as an international Classification of Diseases, 9th Revision, Clinical modification (iCD-9-Cm), procedure code exists for this operation conducted laparoscopically, which is critical for accurate data collection and analysis. such a code is lacking for low anterior resection.
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MATERIALS AND METHODS
this study used data from the national (nationwide) inpatient sample (nis) database for the years 2009 to 2012. the nis database is the largest inpatient care database in the united states, developed for the healthcare Cost and Utilization Project. The NiS contains information from nearly 8-million hospital stays each year across the united states with an ≈20% stratified sample of the american community, nonmilitary, and nonfederal hospitals, resulting in a sampling frame that approximates 95% of all hospital discharges in the united states. 10 the nis database is exempt to obtain informed consent from individual patients and is covered within the individual hospital's patient consent forms. for the purpose of this study, iCD-9-Cm procedure codes were pulled to select patients who underwent aPR with the diagnosis of rectal cancer using the appropriate codes as specified by iCD-9-Cm diagnosis codes of 154, 154.0, 154.1, 154.2, 154.3, 154.8, and 230.4. Patients who underwent aPR were defined based on the iCD-9-CM procedure codes of 48.50 through 48.59. Patients <18 years of age and nonelectively admitted patients were excluded from the study. also, we used an original variable of nis ("Cm_mets") to exclude patients with metastatic cancer from the study. this variable shows the presence of metastatic cancer according to iCD-9-Cm diagnoses and the Diagnosis Related Group in effect on the discharge date. Robotic procedures were defined as both pure robotic and robotic-assisted procedures according to iCD-9-Cm procedure codes of 17.41 and 17.42. laparoscopic procedures were defined according to iCD-9-Cm procedure code 48.51. Clinical parameters and demographic data analyzed include age, sex, and race, as well as comorbidity conditions, which include history of congestive heart failure, renal failure, obesity, hypertension, diabetes mellitus, coagulopathy, and chronic pulmonary disease. the hospital factors include the bed size of the hospital (small, medium, or large) according to the definition of healthcare Cost and utilization Project, 10 the teaching status/location of the hospital (rural hospital, nonteaching urban hospital, and teaching urban hospital), and the hospital volume (we divided the hospitals into 2 groups of hospitals, those with less than 49 aPR operations and those with 50 or more aPR operations during the study period). outcomes investigated include mortality, overall morbidity, thromboembolic events (deep vein thrombosis and pulmonary embolism), respiratory complications (pneumonia and respiratory failure), paralytic ileus, hemorrhagic complications, urinary tract infection, cardiac complications (myocardial infarction and arrhythmia), acute renal failure, intra-abdominal or surgical site infections, accidental puncture during operation, conversion of minimally invasive approaches to open, total hospital cost, and prolonged hospitalization (>7 days). the overall rates of each complication by surgical approaches were examined. Risk-adjusted analysis was performed to compare the outcomes by surgical approaches.
Statistical Analysis
all of the statistical analyses were conducted with SPSS version 22 (SPSS inc, Chicago, iL). Weighted analysis were based on the nis 2-stage clustered sampling design with hospital identification as cluster, nis stratum as stratum, and trend weights as weights. trend weights were used to account for changes in the nis sampling design in the period from 2009 to 2012, as per the recommendation of nis report on weighted trends. 10 (table 1) . the conversion rate of robotic procedure to open was 5.7%, whereas the conversion rate of laparoscopic procedures to open was 13.4%. the difference is statistically significant (aoR = 0.40; p < 0.01). the median total hospital charges for patients who underwent open, laparoscopic, and robotic procedures were $57,678, $57,634, and $79,513. Patients who underwent a robotic approach had higher mean total hospital charges compared with those who underwent a laparoscopic or open procedure (mean difference = $24,890, and $24,626; p < 0.01).
the median hospitalization lengths for open, laparoscopic, and robotic aPR were 8, 6, and 6 days. The robotic approach and laparoscopic approach had significantly shorter hospitalization lengths compared with the open approach (mean differences = 2 days; p < 0.01).
the risk-adjusted analysis for outcomes of laparoscopic and robotic approaches compared with an open approach is reported in table 2. Respiratory complications (aoR = 0.70, p = 0.04), surgical infections (aoR = 0.52; p < 0.01), and hospitalization >1 week (aoR = 0.45; p < 0.01) were significantly lower in laparoscopic surgery compared with open surgery. also, urinary tract infection (aoR = 0.37; p = 0.04) and hospitalization >1 week (aoR = 0.42; p < 0.01) were significantly lower in the robotic approach compared with the open approach. When comparing postoperative complications of the laparoscopic approach with the robotic approach, there were no significant differences in postoperative complications (table 3) .
mortality rates of open, laparoscopic, and robotic approaches were 0.9%, 0.6%, and 0.5%, which were not significant (table 2) . overall morbidity of open, laparoscopic, and robotic approaches were 39.7%, 32.5%, and 26.9%. Both laparoscopic and robotic approaches had lower morbidity compared with the open approach (table 2). however, there was no significant difference between the morbidity risk of laparoscopic aPR and robotic aPR (Table 3) .
DISCUSSION
The minimally invasive approaches to aPR are safe techniques for the treatment of rectal cancer with a number of advantages over open surgery. although the mortality rates of minimally invasive approaches and the open approach were not significantly different, the morbidity rates of patients who underwent laparoscopic or robotic surgery were significantly lower than those of patients who underwent open aPR. Mortality and morbidity of the laparoscopic approach are not significantly different than with a robotic approach. however, laparoscopic surgery has a significantly higher conversion risk compared with robotic surgery. Conversely, robotic surgery has significantly higher total hospital costs compared with laparoscopic surgery. our data reinforce the benefits of minimally invasive approaches to aPR. However, the type of surgical approach for aPR should be decided separately for each case. When both laparoscopic and robotic aPR are possible, the robotic approach does not provide any advantage, and it will increase the hospital cost significantly. for patients with unsuitable pelvic anatomy or patients at high risk of conversion, a robotic approach can significantly decrease the risk of conversion.
our study results show that minimally invasive approaches to aPR are associated with a significant decrease in morbidity of patients. We found that the laparoscopic approach was associated with a decrease in overall morbidity, as well as the rate of respiratory complications, surgical infections, and prolonged hospitalization compared with open aPR. also, robotic surgery was associated with lower overall morbidity, prolonged hospitalization, and urinary tract infection. the lower morbidity of minimally invasive approaches compared with the open approach in rectal surgery has been cited multiple times. [11] [12] [13] however, the inability to control the disease stage and comorbid conditions in patients who had different surgical approaches makes it difficult to draw firm conclusions. in addition, our results show that patients who underwent minimally invasive aPR had fewer comorbid conditions. in fact, we found that the rate of open surgery was higher than robotic surgery in obese patients. this could be related to the difficulties of minimally invasive approaches in the pelvis of obese patients. obesity has been reported as an independent risk factor of conversion of minimally invasive approaches to open colectomy. 14,15 additional prospective case-matched studies are indicated to compare outcomes of the 3 surgical approaches in 3 homogenous groups of patients.
there is a steady increase in the use of minimally invasive surgery in rectal cancer. We found an increase in the use of minimally invasive approaches and conversely a decrease in the proportion of open aPR from 2009 to 2012 (Fig. 1) . this is in line with a previous report on the increasing rate of robotic surgery in different colorectal operations. 16 in addition, we found the overall rate of minimally invasive approaches increased from 23.6% in 2009 to 35.0% in 2012. our observation of a 30.7% overall rate of use of minimally invasive approaches is in line with the reported overall rates of minimally invasive approaches for colorectal resection from the same period of time (37.3%-43.5%), 15, 17 as well as the Surgical Care and outcomes assessment Program Collaborative report in 2010 (41.6%). 18 in addition, our study results show that there is a broad difference in the use of the laparoscopic approach for aPR in the United States, ranging from 26.5% for urban teaching hospitals to 15.5% for rural hospitals. however, there is homogeneous accessibility of surgeons to laparoscopic equipment in the united states. 19 The variation in the use of laparoscopic aPR in the United states is therefore likely related to the relatively higher levels of laparoscopic skills needed for laparoscopic aPR. additional efforts are needed to reduce the wide variation in use of the laparoscopic approach to aPR.
We found that a lower conversion rate is the only advantage of robotic aPR over laparoscopic aPR. our multivariate adjustment analysis shows that there is no significant difference in postoperative complications between robotic and laparoscopic aPR, and the differences in rates of postoperative complications in laparoscopic and robotic aPR are not statistically or clinically significant. However, a laparoscopic aPR has more than double the rate of conversion compared with robotic aPR. Lower conversion rate to open for robotic surgery compared with laparoscopic surgery in rectal surgery has been previously reported multiple times. 7, 20, 21 the lower conversion rate in robotic approach may be influenced by technological advantages of the robotic system, which provides high-quality 3-dimensional vision, better depth perception, better definition of tissue planes, easier suturing, and precise dissection in the pelvis compared with standard 2-dimensional laparoscopic images. 6, 22 Conversion rates of robotic and laparoscopic rectal surgery have been reported in the range of 0% to 9.4% and 0% to 22.0% previously. 7, 23 We found conversion rates of 5.7% and 13.4% for robotic and laparoscopic aPR. However, surgical expertise and case selection might lead to an underestimate of the difference of conversion rates of robotic and laparoscopic aPR. Usually only highly experienced surgeons perform aPR laparoscopically, whereas the robot approach hypothetically tries to bridge the learning gap and make minimally invasive approaches easier for surgeons with less experience.
The robotic approach to aPR is associated with a significant increase in total hospital cost. We found a 37% increase in total hospital cost for robotic surgery compared with laparoscopic surgery. this is in line with previous reports. 13, 24 The benefit of the robotic approach to aPR, which is a lower conversion rate, should be contrasted with the disadvantage of the approach, which is the higher cost. overall, minimally invasive approaches to aPR have better outcomes compared with open aPR. in patients who cannot be operated on laparoscopically and for patients at high risk of conversion, choosing a robotic approach may be reasonable (we found a significantly lower conversion rate for the robotic approach compared with the laparoscopic approach). however, the inability to control for the disease stage and all of the comorbid conditions makes it difficult to draw firm conclusions. When both laparoscopic and robotic surgeries can be performed, robotic surgery may not have an advantage over laparoscopic surgery, and it will increase the expenses for patients. among surgical approaches to aPR, robotic approach has the lowest hemorrhagic complications. Rates of postoperative hemorrhagic complications for open, laparoscopic, and robotic aPR were 2.9%, 2.7%, and 0.5% in our study. We confirm previous reports regarding a lower hemorrhagic complication rate of robotic rectal surgery compared with laparoscopic resection. 25, 26 this could be related to the technological advantages of the robotic system, which provides better vision, easier dissection, and suturing compared with the laparoscopic approach. 6, 22 however, after multivariate analysis, there were no significant differences in hemorrhagic complications among open, laparoscopic, and robotic approaches, and the difference in rates of hemorrhagic complications among surgical approaches is not clinically significant (tables 2 and 3).
Study Limitations
this is a retrospective analysis of a national database and is subject to inherent selection bias of retrospective studies. Because the nis database is compiled from discharge abstract data, coding errors may exist in collecting of the data. 27 the wide variation in hospital setting, hospital quality, and surgeon expertise in our database may have affected some of the indexes, such as the operation time and conversion rate. the main limitation of the study was the exclusion of patients who underwent anterior resection of rectum from the study because of the lack of a reliable iCD-9-Cm code for laparoscopic anterior resection of rectum. our previously published article with unspecified iCD-9-Cm codes for anterior resection may underestimate the use of laparoscopic surgery for anterior resection of rectum. 9 We used iCD-9-Cm procedure codes of 17.41 and 17.42 to find patients who underwent robotic procedure. Considering that the mentioned codes are not specific for rectal surgery, coding errors are possible in case selection, although the high profile of robotic operations because of cost issues makes this less likely. nis does not provide any information regarding details on the characteristics of the rectal cancer (eg, the cancer stage). the 3 groups of patients compared in the study were not 3 homogeneous groups of patients, and their disease stage may vary. although we excluded patients with metastatic cancer and nonelectively admitted patients from the study and we adjusted the results with comorbid conditions, we could not adjust our results with the tumor characteristics, which is an important factor in choosing the surgical approach. although we adjusted the results for the presence or absence of a number of comorbid conditions, we did not have any information regarding the severity of comorbid conditions or surgeon operation volume. in addition, our study intended to investigate out- comes of aPR by surgical approaches; however, perioperative factors, such as the operation duration, surgeon specialization, and long-term oncologic outcomes, could not be evaluated. 8, 23, 28 nevertheless, this retrospective review is presently one of the most comprehensive and largest studies comparing open, laparoscopic, and robotic approaches with aPR in rectal cancer surgery.
CONCLUSION
there is a steady increase in the rate of minimally invasive approaches to aPR for rectal cancer surgery. We found both minimally invasive approaches to aPR to have better outcomes compared with open aPR. However, the inability to control for the disease stage and comorbid conditions in patients, including degree of obesity, who underwent different types of approaches makes it difficult to draw firm conclusions. Robotic surgery has a lower conversion rate compared with laparoscopic aPR; however, it has significantly higher hospital charges. overall, using minimally invasive approaches to aPR is reasonable in some situations. Considering the similar outcomes in laparoscopic and robotic aPR, deciding between these 2 surgical approaches should be done according to the possibility of laparoscopic approach and the risk of conversion to open surgery.
